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Abstract

Background Cardiac CT with late iodine enhancement (LIE-CT) may characterize the scarred myocardium, but the role of
readers’ experience and scar pattern on LIE-CT diagnostic performance is unknown. Aim was to assess the diagnostic per-
formance of LIE-CT according to readers’ experience, scar pattern and contrast-to-noise ratio (CNR) using late gadolinium
enhancement MRI (LGE-MRI) as reference.

Methods LIE-CT and LGE-MRI images of 40 consecutive patients were analyzed. Two readers with different experience
(8 and 2 years) independently analyzed LIE-CT images defining the presence/absence of scar and scar CNR, segmental
involvement, transmural pattern and scar etiology. The same parameters were extracted from LGE-MRI by two expert read-
ers in consensus, blinded to the LIE-CT results.

Results Scars were identified at LGE-MRI in 29/40 patients and 141/680 segments. Scar burden at LIE-CT versus LGE-MRI
correlated better for the most experienced reader than for the least experienced one (p =0.954 and p=0.797, p <0.001). The
most experienced reader missed scars in 2 patients and in 21/141 segments; the least experienced in 5 patients and 53/141
segments. The most experienced reader showed higher accuracy and sensitivity compared to the least experienced in per-
patient (accuracy: 95% vs. 88%; sensitivity: 93% vs. 83%) and per-segment analysis (accuracy: 96% vs. 92%; sensitivity: 85%
vs. 62%). Specificity was excellent (100% per-patient, 99% per-segment,) regardless of readers’ experience. Missed scars
had non-ischemic pattern, low scar burden (< 6%) and lower CNR compared to ischemic scars (2.33 vs. 3.54, p=0.005).
Conclusion LIE-CT represents an alternative to LGE-MRI, although the impact of readers’ experience on sensitivity for
small non-ischemic scars should be considered.
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Introduction

In clinical routine, cardiac magnetic resonance (CMR)
with late gadolinium enhancement (LGE) has a crucial
role in noninvasive characterization of myocardial struc-
ture, identifying typical patterns of both ischemic and
non-ischemic scars, revealing the etiology of underlying
myocardial damage [1].

LGE is also fundamental for risk stratification, being
a predictor of adverse cardiovascular outcomes [2]. LGE
extent is associated with adverse ventricular remodeling,
ventricular arrhythmias [3], increased risk of heart failure
and sudden cardiac death [4]. Therefore, an accurate and
prompt identification of myocardial scars is fundamen-
tal to diagnose ischemic and non-ischemic cardiomyopa-
thies and to address the best clinical management for each
patient.

However, regardless of its indisputable clinical role,
CMR is not so widely available, especially in the acute
setting. Also, its application is limited in some patients,
for example in those with cardiac devices. Although
more recent devices are MR-conditional, the presence of
implantable cardioverter defibrillator (ICD) or permanent
pacemaker (PPM) may significantly impair LGE images
assessability due to generator related artifacts [5].

Moreover, patients suffering from claustrophobia or
patients unable to tolerate long scanning time are not able
to receive CMR.

Hence, a valid and effective imaging alternative to
LGE-MRI is useful. In recent years, thanks to technologi-
cal improvement, computed tomography (CT) has progres-
sively transformed from noninvasive coronary angiogra-
phy into an imaging tool able to comprehensively assess
the heart, offering also the possibility to identify and char-
acterize myocardial scars.

Iodinated contrast media share the same kinetics and
dynamics with gadolinium chelates, with a delayed wash-
out in scarred myocardium compared to normal myo-
cardium. This generates different iodine concentrations
between scarred and non-scarred areas that can be high-
lighted as areas of late iodine enhancement (LIE) with a
10-15 min delayed CT scan (LIE-CT) [6].

Based on some recent studies which showed the pos-
sibility to identify myocardial scars in CT with promising
results, LIE-CT could be used in case of CMR contraindi-
cations [7]. However, previous studies always investigated
LIE in specific clinical settings or referring to a specific
cardiomyopathy, like sarcoidosis [8], hypertrophic cardio-
myopathy (HCM) [9], myocardial infarction [10, 11] and
heart failure [12].

Despite the promising results highlighted, the diag-
nostic value of LIE-CT in the clinical routine is not

completely established, namely in unselected patients with
different cardiac diseases reported by physicians with vari-
able expertise.

The question is: “is LIE-CT a robust diagnostic alter-
native for myocardial scar imaging? How much does the
cardiac disease and the reader’s experience impact on the
reliability of the diagnostic evaluation performed using
LIE-CT?”?

The purpose of the present study was to evaluate the role
of LIE-CT in the detection and characterization of myocar-
dial scars, using LGE-MRI as standard of reference, in a
population of consecutive unselected patients.

Materials and methods

The study was piloted in agreement with the 1964 Helsinki
declaration and its later amendments, and it was approved by
the institutional review board. All subjects provided written
informed consent.

This is a single-center observational study.

LIE-CT and LGE-MR images, acquired between March
2016 and July 2019 in forty consecutive adults (> 18 years)
without contraindication to contrast agent administration or
impaired renal function (eGFR <30 mL/min) at a tertiary
referral center and university hospital, for routine clinical
exclusion of coronary artery disease and structural cardio-
myopathy, were retrospectively analyzed. Patients suffered
from suspected coronary artery disease (15/40), ventricular
arrhythmias (12/40), dilated cardiomyopathy of unknown
origin (6/40), acute chest pain (3/40), atrial fibrillation
(2/40), resuscitated sudden cardiac death (2/40).

Cardiac CT protocol

CT was acquired on a second-generation dual-source scan-
ner (SOMATOM Definition Flash, Siemens, Germany) dur-
ing a triphasic bolus injection of iodinated contrast agent
(CA) (Ultravist 370, Bayer Healthcare Pharmaceutical;
370 mg iodine/ml). The injection scheme consisted of 75 ml
CA, followed by 40 ml of mixed solution at 25% CA and
75% saline, followed by further 40 ml of pure saline. In all
patients, CA was administered via an antecubital vein using
a 20G cannula.

Prospective ECG-triggering or retrospective gating was
used according to patient heart rate. A second dose of CA
was injected immediately after the acquisition of the CTA,
in order to reach a total iodine dose of 0.6 iodine grams
per kilogram of body weight [13] (range 97—140 ml of total
CA). LIE was acquired 10 min after the second administra-
tion of CA, using a low voltage axial prospective scan at
75% phase of cardiac circle. Other scan parameters were as
follow: kV according to patient’s BMI (BMI <30=80 kV;
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BMI>30=100 kV); rotation time 0.28 s; detector collima-
tion 128 X 0.6 mm; matrix size 512 x 512; display field of
view limited to the heart.

The median dose length product (DLP) was 195 mGy cm
[IQR 104-368 mGy cm] for the CTA scan acquired with pro-
spective trigger and 441 mGy cm [IQR 263-772 mGy cm]
for CTA scan acquired with retrospective gating.

For the LIE-CT scan, the median DLP was 115 mGy cm
[IQR 54-156 mGy cm].

Total median DLP was 459 mGy cm
208-691.5 mGy cm].

[IQR

Cardiac MR protocol

All patients underwent CMR on a 1.5 T scanner (Ingenia,
Philips Medical Systems, Eindhoven, The Netherlands)
equipped with a 32-channel body coil, within 2 weeks after
CT. CMR was performed using a comprehensive protocol
including long- and short-axis cine images, T2w-STIR
sequences and LGE for the determination of presence, dis-
tribution and pattern of myocardial scar.

LGE was acquired 10 min after intravenous injection of
0.15 mmol/kg of body weight of gadolinium-chelate CA
(Gadovist 1.0 mmol/ml, Bayer Healthcare Pharmaceuti-
cal) in the short- and long-axis planes, using 2D inversion
recovery gradient-echo sequence (slice thickness =8 mm;
gap =0 mm; voxel size=1.6 X 1.8 mm; repetition time ms/
echo time ms =6/3; FA=30°; FOV =370x 331 X 64-96 mm,
NAS =1) with inversion time optimized to null normal myo-
cardium, covering the entire left ventricle (LV).

Image analysis

Two observers (AP and DV, with 8 and 2 years of experi-
ence in cardiac imaging) independently evaluated LIE-CT
images blinded to other imaging data and to any patient-
related information and provided a LIE-CT-based diagnosis.

LGE-MRI images were evaluated by the consensus of two
independent experienced radiologists (AE and FDC, 15 and
20 years of experience in cardiac imaging, respectively) and
provided an LGE-MRI-based final diagnosis.

LGE-MRI was considered the standard of reference.

The presence of LIE was visually evaluated according to
the American Heart Association (AHA) 17-segment model
on LIE-CT images reconstructed with B26f soft kernel and
SAFIRE 4 and reformatted in the short-axis plane (8§ mm
slice thickness; gap 0 mm) in average mode. Segmental
LIE was also classified according to its transmural pattern
(subendocardial, mesocardial, subepicardial, transmural).
Myocardial scars identified on LIE images were manually
segmented by both observers using a dedicated software
(Intellispace Portal v.9.0, Philips). The percentage of LIE
was quantified as the ratio of LIE to entire LV mass.
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As for LIE, LGE was classified according to the segmen-
tal distribution and the transmural pattern.

LGE was semiautomatically quantified using a dedicated
software (Intellispace Portal v. 9.0, Philips) with a full width
half maximum method [14].

The contrast-to-noise ratio (CNR) was calculated as the
difference in CT attenuation or MR signal intensity between
hyperenhanced (scarred) and normal myocardium, divided
by the standard deviation (SD) of normal myocardium atten-
uation, the latter obtained with a circular region of interest
(> 10 mm?) drawn in normal myocardium [8]. Normal myo-
cardium was defined qualitatively as a region of myocardium
without any apparent LGE.

Statistical analysis

Continuous data are expressed as mean +SD or median
(interquartile range (IQR)), according to their distribution.
The correlation between scar burden (%) in LIE-CT and
LGE-MRI was assessed using Spearman’s correlation test.

Cohen’s kappa (k) coefficient (< 0.20: poor; 0.20-0.40:
fair; 0.40-0.60: moderate; 0.60-0.80: good; 0.80-1.00:
very good agreement) was calculated for the assessment of
inter-observer agreement in LIE-CT evaluation and for the
assessment of segmental and per-patient agreement between
LIE-CT and LGE-MRI.

Mann—Whitney U test was used to compare the CNR
of LIE-CT according to scar transmurality and clinical
diagnosis.

Statistical analyses were performed using SPSS v.25.0.

A p value of <0.05 was considered statistically
significant.

Results

The patients’ demographics and clinical characteristics are
shown in Table 1.

29/40 (72.5%) patients had LGE at MRI, mostly with
non-ischemic pattern (20/29, 69%) rather than ischemic pat-
tern (9/29, 31%). LGE-MRI was negative in the remaining
11 patients (27.5%).

Among non-ischemic cardiomyopathies (NICM), LGE
pattern was suggestive for: myocarditis in 13/20 (65%)
patients, idiopathic dilated cardiomyopathy (DCM) in 4/20
(20%) and HCM in 3/20 (15%) patients.

Median scar burden at LGE-MRI was 6% [IQR 3-16%].
Scar burden was slightly but not significantly smaller for
NICM scars in respect to ischemic cardiomyopathy (ICM)
scars (5% [IQR 3-11.5%] vs. 11% [IQR 7-16%], p > 0.05).

Median scar burden at LIE-CT was 5.6% [IQR 3.2-13%]
as observed by the most experienced reader and 3.8% [IQR
2.5-10%] by the least experienced reader.
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Table 1 Population characteristics and cardiac MR parameters

Variable Patients
Age 542+14.8
Male/female 20/20
Cardiovascular risk factor

Dyslipidaemia 10 (25%)
Arterial hypertension 19 (48%)
Diabetes 1 (3%)
Smokers 13 (33%)
BMI 24.7+4.8
BSA 1.83+0.29
Cardiac MR

LV EF (%) 55+17
LV EDV (mL) 157 +61
LV EDV/BSA (mL/m?) 87+38
LV EDWM (g) 109 +39
LV EDWM/BSA (g/m?) 60+21
RV EF (%) 61+12
RV EDV (mL) 131+58
RV EDV/BSA (mL/m?) 71£32
LGE (n° pts) 29 (73%)
LGE (scar burden %) 7.1+8.9

Values are reported as number of patients and percentage of patients
or as mean =+ SD, according to the parameter

LV EDV left ventricle end diastolic volume, BSA body surface area,
LV EDWM left ventricle end diastolic wall mass, LV EF left ventricle
ejection fraction, RV EDV right ventricle end diastolic volume, RV EF
right ventricle ejection fraction

The correlation between scar burden at LGE-MRI and
at LIE-CT was excellent when LIE-CT was evaluated
by the most experienced reader (p =0.929, 0<0.001)
and good for the least experienced reader (p =0.797,
0<0.001).
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LIE-CT versus LGE-MR: per-patient analysis

The most experienced reader correctly classified 38/40
(95%) patients for the presence/absence of myocardial scar
and scar pattern on LIE-CT images, while the least experi-
enced reader correctly classified 35/40 (88%) patients.

Overall per-patient analysis documented a higher accu-
racy, sensitivity and NPV for the most experienced reader
compared to the least experienced one (accuracy 95% vs.
88%; sensitivity 93% vs. 83%; NPV 85% vs. 69%) (Fig. 1a).
Specificity (100%) and PPV (100%) were excellent regard-
less of reader’s experience (Fig. 1a).

Two cases with thin subepicardial post-myocarditis scars,
involving only 2% and 3% of myocardial mass at LGE-MRI,
were missed by both the readers.

The least experienced reader missed three more cases: 2
small subepicardial post-myocarditis scars, involving 3% and
6% of myocardial mass, respectively, and 1 mesocardial scar
in the basal posterior septum, involving 3% of LV myocar-
dial mass in a HCM patient (Fig. 2).

Therefore, the agreement between LIE-CT and LGE-
MRI in evaluating the presence/absence of LIE and the scar
pattern was 100% in ICM cases (Fig. 3) independently by
readers’ experience while it decreased to 90% and 75% in
NICM scars (Fig. 4) for the most and the least experienced
reader, respectively.

LIE-CT versus LGE-MRI: per-segment analysis

A total of 680 myocardial segments were evaluated. One
hundred forty-one (21%) segments showed positive LGE-
MRI, mainly with a subepicardial pattern (subendocardial
LGE 18/141, 12.8%; mesocardial LGE 45/141, 31.9%; sub-
epicardial LGE 57/141, 40.4%; transmural LGE 21/141,
14.9%).

At LIE-CT, the most experienced reader missed
14.9% (21/141) of scarred segments when compared to
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Fig. 1 Diagnostic performance of LIE-CT in the identification of myocardial scars in relation to reader’s experience at per-patient (a) and seg-

mental (b) analysis, using LGE-MRI as standard of reference
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Fig.2 LGE-MR and LIE-CT

in a 56-year-old female with
hypertrophic cardiomyopathy
(HCM). Short-axis LGE. a A
hypertrophic myocardium with
increased thickness in the pos-
terior septum were a shadowed
mesocardial scar is present
(arrow). The same scar can be
recognized in LIE-CT (arrow in
b). This scar was missed by less
experienced reader

Fig.3 LIE-CT and LGE-MRI in a 62-year-old male with ischemic
cardiomyopathy (ICM). Short-axis (a, b) and long-axis (c). LIE-CT
images show a large post-ischemic scar with subendocardial distribu-
tion involving the mid- and basal inferolateral wall (arrows in a—c),

LGE-MRI. The rate of false negative segments increased
to 37.6% (53/141) for the least experienced reader.

The segmental agreement between LIE-CT and LGE-
MRI for scar detection or exclusion ranged from very
good (k=0.883; p <0.001) to good (k=0.694; p < 0.001),
respectively, for the most and the least experienced
reader, with a good inter-observer agreement for LIE-CT
(k=0.790; p <0.001).
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associated to a thin mesocardial scar in the basal septum (arrowheads
in a—c). Myocardial scars at LIE-CT closely agree with correspond-
ing myocardial scars in short-axis (d, e) and long-axis (f) LGE-MRI
images

Figure 5 shows the detection rate of LIE patterns at seg-
mental analysis in comparison to LGE, according to readers’
experience.

Highest detection rate was obtained for transmural
scars, regardless of readers’ experience, with 90% (19/21)
of segments with transmural scar identified by the most
experienced reader and 71% (15/21) segments identi-
fied by the least experienced reader (Fig. 5). The lowest
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Fig.4 LIE-CT and LGE-MRI in a 53-year-old man with myocardial
scars suggestive of non-ischemic etiology. Short-axis LIE-CT (a) and

LGE-MRI images (b) show patchy septal enhancement (arrowheads),

Fig.5 Number of myocardial 60
scarred segments detected on
LIE-CT by readers of different
experience, according to trans- 50
mural pattern, using LGE-MRI
as standard of reference
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-
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detection rate was achieved for subepicardial scars, with a
71% (46/57) and a 54% (31/57) segmental detection rate by
the most and by the least experienced reader, respectively.

Figure 1B shows the diagnostic accuracy of LIE at seg-
mental evaluation in comparison to LGE, according to
readers’ experience.

The most experienced reader showed higher diagnostic
accuracy (96%) in the identification of scarred segments
by LIE-CT, with higher sensitivity (85%) and negative
predictive value (NPV) (96%) when compared to the least
experienced reader (Fig. 1b). Both readers showed excel-
lent specificity and positive predictive value (PPV) (99%
and 97% for the most experienced reader and 99% and 95%
for the least experienced reader) (Fig. 1b).
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20 31
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18 47 17

III I |
o I

Mesocardial

especially prominent in the anterior and posterior right ventricle
insertion point, associated to asymmetric hypertrophy of the septum,
suggestive of HCM

u LGE-MR
m LIE-CT most experienced reader
m LIE-CT least experienced reader

Subepicardial Transmural

Scar pattern

LIE-CT versus LGE-MR: CNR in myocardial scar

In the entire population median CNRy;z was 10.6 (IQR
7.15-17.97), and median CNRr was 2.85 (IQR 1.99-3.53).

Median signal intensity of scarred myocardium was 1086
(IQR 823-1345) and of non-scarred myocardium 161 (IQR
117-202). Median attenuation of scarred myocardium was
127 (IQR 112-150) HU and of non-scarred myocardium 88
(IQR 76-102) HU.

Transmural scar showed higher CNR compared to scars
with other patterns both at LIE-CT (median 6.36 [IQR
4.70-6.6] vs. median 2.76 [IQR 1.83-3.52], p=0.036
Fig. 6a) and at LGE-MR (median 23.64 [IQR 22.27-24.27])
vs. median 10.32 [IQR 6.97-14.55], p=0.010).
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CNR o
HIRH

Subendocardial Mesocardial Subepicardial Transmural

Scar pattern

A

Fig.6 Contrast-to-noise ratio (CNR) in LIE-CT. The box-plots of
CNR in relation to the transmural pattern of the scar (a) show higher
CNR in transmural rather than in subendocardial, mesocardial and
epicardial scars. Subendocardial scars have a slightly higher CNR

CNR of ischemic scars was significantly higher than
those of other cardiomyopathies both at LIE-CT (median
3.54 [IQR 3.03-5.34] vs. 2.33 [IQR 1.32-3.01], p=0.005
Fig. 6b) and at LGE-MR (median 20.90 [IQR 12.84-22.67]
vs. 8.73 [IQR 6.62-11.72], p=0.001).

BMI resulted inversely correlated to CNRp (R=—0.460,
p=0.016), whereas some correlation was found with
CNRyr (R=-0.172, p=0.372). However, BMI in false neg-
ative patients at LIE-CT were not significantly different from
true positive patients for the most experienced (p =0.858)
and the least experienced (p =0.435) reader.

No correlation was found between BSA and CNRy
(R=-0.290, p=0.142) and between BSA and CNR;z
(R=0.054, p=0.782), as well as between false negative and
true positive patients (p =0.929 and p =0.435 for the most
and the least experienced reader, respectively).

Discussion

LGE-MRI is a well-established diagnostic and prognostic
technique to detect myocardial scars and to define the pat-
tern of LV wall involvement, which is of pivotal importance
to address the correct diagnosis, suggesting the underlying
etiological mechanism [15], and to guide the more adequate
therapeutic management. Moreover, LGE amount is associ-
ated to incremental risk of major adverse cardiac events and
adverse ventricle remodeling [16, 17].

The continuous improvement in CT technology, in terms
of increased spatial and temporal resolution, has led to a
further expansion of clinical application of CT. This com-
bined with improvements in detectors technology and itera-
tive reconstruction algorithm allowed a significant noise
reduction for images acquired at low energy, expanding the
application of CT to myocardial scar characterization.
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than mesocardial and epicardial scars, although this difference does
not reach statistical significance. CNR was higher in post-ischemic
scars (ICM) than in non-ischemic scars (NICM) (b)

Similarly to gadolinium-based CA, iodinated CA accu-
mulates in scarred myocardium at equilibrium phase [6],
and a low-energy CT scan is able to enhance differences
in iodine concentration between scarred and non-scarred
myocardium.

A combined evaluation of myocardial scar and coronary
arteries anatomy and patency is highly desirable, allowing
to simultaneously detect the culprit lesion and its associated
myocardial infarction [18], to identify non-ischemic causes
of acute chest pain [18], and to evaluate patients with con-
traindication to MRI (i.e., ICD, PPM, claustrophobia, low
compliance) [13] with a short examination time.

The routine application of LIE-CT in the clinical practice
is still limited. This is mainly due to the lack of data con-
firming the diagnostic value of LIE-CT in unselected patient
populations with clinical indication for scar imaging.

Considering the potential relevance of scar imaging with
CT in clinical practice, the aim of the present study was to
evaluate the diagnostic accuracy of LIE-CT in the identifi-
cation of scarred myocardium in a “real-world” population,
also in relation to different readers’ experience.

The results of our study showed that the agreement
between LIE-CT and LGE-MRI is dependent on reader’s
experience, with a per-patient overall accuracy of 95%
and 88% for the most and the least experienced observer,
respectively. The agreement between LIE-CT and LGE-MRI
resulted to be lower for small thin scars, especially when
subepicardial. Subepicardial scars were also associated to a
lower CNR when compared to other scars. In both per-seg-
ment and per-patient analyses, the specificity and the PPV
were excellent regardless of reader’s experience. Moreover,
when a myocardial scar was identified on LIE-CT, the scar
pattern was perfectly defined. Therefore, LIE-CT can cor-
rectly determine the cardiomyopathy underlying the detected
scars.
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LIE-CT is notoriously affected by lower contrast reso-
lution in respect to LGE-MRI, due to the inability of CT
to null the normal myocardium, resulting in significantly
lower CNR values and a more challenging identification of
scars. The possibility of acquiring a CT scan at the equilib-
rium phase with low voltages has the double advantage of
improving CT delayed scan contrast resolution and of sav-
ing dose, in fact the reduction in tube voltage from 120 to
80 kVp accompanies a change in photon energy levels from
approximately 66 to 52 keV and improves the attenuation of
iodine [19], enhancing scarred myocardium. However, kVp
reduction as well as BMI increase are both associated to an
increase in image noise. Hence, a trade-off between contrast
resolution and noise must be found. For this reason, patients
with low BMI have been scanned at 80 kVp, while beam
energy was increased to 100 kVp in patients with BMI > 30.

The median CNR value found in our study is comparable
with previous studies which were using single-energy low-
dose LIE scan (80 kVp) [20]. However, comparing different
types of scars, we found that CNR was lower in NICM scars
than in ICM scars, thus leading to a lower detection rate for
NICM scars. The reason of lower CNR in NICM scars could
be explained by the well-known coexistence of fibrotic tissue
embedding a variable number of viable myocytes within the
NICM scars, while the ICM scars usually include a large
central dense scar eventually surrounded by a smaller area
of less-dense “border-zone” scar. In fact, non-ischemic scars
demonstrated a lower CNR than ischemic scars also at LGE-
MRI, but differently form CT, the median CNR of LGE-
CMR remain in any case sufficient to detect non-ischemic
scars thanks to the capability of LGE-MRI inversion recov-
ery sequences to null the signal of normal myocardium.
Moreover, missed scar at LIE-CT were characterized by
low scar burden (always < 6%), making it challenging to
be distinguished from the grainy background, which can be
sometimes experienced in low-energy scans [21].

Reader’s experience seems able to partially overcome
the CNR limits in small and shaded scar. In fact, the most
experienced reader missed only two scars, which were sub-
epicardial and involving a very small amount of myocardial
mass (2%), whereas the least experienced reader missed 4
subepicardial and 1 mesocardial scars, all involving a small
percentage of LV mass.

Regardless of similar CNR and segmental extent, the
detection rate of mesocardial scars was slightly higher than
for subepicardial scars, probably because the surrounding
normal myocardium improves the detectability of mesocar-
dial hyperdensity.

Some limitation must be considered when interpreting the
present results. Specifically, our study is a single-center study
with a relatively small cohort of patients. Larger sample size
is required to confirm our results. Second, we did not perform
an analysis of inter-observer agreement between two expert

readers. The inter-observer agreement among expert readers is
beyond the scope of the present study, but it remains an impor-
tant issue considering the good results achieved by our single
expert observer. Furthermore, LIE-CT scan was acquired with
a single-energy acquisition mode, although dual-energy mode
may increase CNR [12]. The reason of this choice lies on dif-
ferent considerations: Scanners with dual-energy capability
based on rapid kVp switching, dual-layer detectors or dual-
source technology do not have a widespread diffusion. More
importantly, dual-energy LIE-CT imaging results in quite high
radiation dose. For example, Ohta et al. [12] reported a median
DLP of 258.3 mGy cm (IQR: 258.3-285.3 mGy cm), consid-
erably higher than what we found in our study, despite compa-
rable populations in terms of BMI. Finally, the advantages of
the dual-energy approach for LIE detection and quantification
are not clearly established, especially on dual-source scanners,
because of the halving of temporal resolution and the increase
in motion artifacts, originating by the overlapping of two beam
energies temporally misaligned by 75 ms [20], in respect to the
single-energy approach.

Conclusion

In conclusion, our results suggest that LIE-CT may represent
an excellent alternative to LGE-MRI, especially in expert
hands. In particular, LIE-CT showed an excellent PPV and
capability to define the correct scar pattern. Nevertheless, the
NPV resulted significantly affected by the reader’s experience
and was particularly limited in case of small subepicardial non-
ischemic scars. Hence, a positive LIE-CT scan can be consid-
ered reliable for the final diagnosis. A negative LIE-CT scan
should always be reviewed by a highly experienced reader;
nevertheless, it cannot be considered completely reliable in
ruling out the presence of small and thin non-ischemic scars.
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